Background: diabetes and hypertension are two highly prevalent diseases in the old population. They are highly related such that comorbidity is common. Objectives: to examine (i) the independent impact of the respective diseases on cognitive decline in very old age and (ii) the interactive impact of the two diseases on cognitive decline. Subjects: 258 individuals (mean age = 83 years), all non-demented at baseline. Of these, 128 individuals (non-cases) were free from diabetes and hypertension, 92 individuals had a diagnosis of hypertension, 16 had a type 2 diabetes mellitus diagnosis without hypertension, and 22 had comorbid diabetes and hypertension. Method: a population-based longitudinal study of ageing (The OCTO-Twin Study), including four measurement occasions 2 years apart. The Mini-Mental State Examination was used to measure general cognitive function. Data were analysed using SAS Proc Mixed multilevel modelling. Results: longitudinal trajectories indicated a steeper decline in cognitive function related to diabetes but not related to hypertension. However, the results indicated greatest cognitive decline among persons with comorbid diabetes and hypertension. Conclusions: it is concluded that comorbidity of diabetes and hypertension produce a pronounced cognitive decline. This finding emphasises the importance of prevention and treatment of those highly prevalent diseases in the old population.
Introduction
Type 2 diabetes mellitus and hypertension are two highly prevalent diseases among the old that are known to be risk factors for vascular disease. The prevalence of type 2 diabetes is estimated to range between 15% and 25% in the age group of 65 years and older [1] . The corresponding numbers for hypertension range between 50% and 70% [1] [2] [3] . Diabetes and hypertension are furthermore highly related such that comorbidity is common [1] .
Extensive research on the effects of diabetes on cognitive function in old age has provided mixed findings [4, 5] . Although the majority of the studies have found negative effects on cognitive functioning related to diabetes [6] [7] [8] , several studies have reported no relationship [9, 10] . The effects of hypertension on cognitive function have also been a subject for extensive research [11] . Most studies indicate that hypertension is negatively related to cognitive test performance [12] [13] [14] , although some studies report no association [15] . Variation in findings concerning the consequences of hypertension may be partially explained by age; thus, high blood pressure in young and middle age predicts lower cognitive performance whereas high blood pressure in old age has given mixed findings.
A methodological issue that may be a source of these conflicting results is that comorbid diseases are often not considered. The most important condition that has to be screened for or controlled when examining older samples is dementia. The significance of comorbid dementia was demonstrated in a recent study where it was found that initially observed differences between people with diabetes and people without diabetes in cognitive performance were no longer significant when dementia was accounted for [8] . It is also important to control for dementia when examining the impact of hypertension on cognitive function in old age, given that blood pressure decreases following the development of dementia. Thus, given the association between dementia and diabetes, respectively dementia and hypertension, it is possible that one reason for conflicting results as to whether hypertension and diabetes are related to lower cognitive functioning is that some studies control for dementia whereas others do not.
Little is known about the comorbid effect of diabetes and hypertension on cognitive function. For example, it is not known if it is more detrimental to have comorbid hypertension and diabetes than having only diabetes. Findings from the Framingham Heart Study indicated that comorbid diabetes and hypertension were associated with lower performance in tasks measuring visual organisation and memory [16] . Furthermore, Kuusisto and colleagues [17] found that people with comorbid hyperinsulinaemia and hypertension performed worse on several cognitive tasks compared with normoinsulinaemic hypertensive people.
The purpose of the present study was to examine the comorbid effects of type 2 diabetes and hypertension on cognitive decline across a 6-year interval in old individuals using the Mini-Mental State Examination [18] .
Method Participants
The participants were drawn from the ongoing populationbased longitudinal study 'Origins of variance in the Old-Old' [19] which started in 1991. The full sample included 702 individuals at inclusion, in 351 like-sexed pairs, aged 80 years and older. The present study was based on the first four waves of the study and included a sample of individuals that survived the four waves, were not diagnosed with dementia at the first occasion (following DSM-III-R criteria), and had a MMSE score >23 at the first occasion. One hundred and twenty-eight individuals (non-cases) were free from diabetes and hypertension, 92 individuals had a diagnosis of hypertension, 16 had a type 2 diabetes mellitus diagnosis without hypertension, and 22 had comorbid diabetes and hypertension (see Table 1 ). The total sample size for analyses was 258.
Procedure
The participants were investigated in their home. A complete testing session, including rest periods, took about 3.5 to 4.0 hours. The participants were assessed four times at 2-year intervals beginning in 1991. 
Medical information
During the interview the participants were asked for permission to review their medical records. Medical records for the period 1985-1998 were ordered from hospitals, outpatient clinics, district physicians, and primary health care centers, and multiple requests were made to secure the quality of information and to make sure that the records covered the entire time period and also contained a summary of diseases earlier in life. A physician (co-author Sven E. Nilsson) made a concurrent review of (i) medical records, including reported medical history; (ii) medicine use; and (iii) self-reported information about diseases. An independent 2 nd opinion on classification performed by another physician in a 20% subsample produced only marginal amendment. Diagnoses were classified according to the ICD-10 [20] . The conditions of interest for subsequent analyses are hypertension (which was diagnosed in cases where either the records contained information of specific hypertension treatment, or in cases with more than one diastolic value of at least 95 mm Hg or systolic value higher than 160mmHg), type 2 diabetes mellitus (diagnosed using the 1980 WHO criteria when diagnostic level for venous whole blood glucose was 6.7 mmol/l [21] ), congestive heart failure, myocardial infarction, angina pectoris, transient cerebral ischemic attack (TIA; that is defined as lasting shorter than 24 hours), stroke, and dementia.
Cognitive assessment
The MMSE is a measure of global cognitive functioning. The task reflects orientation, memory, attention, ability to follow verbal and written commands, writing, and copying. The maximum score is 30, indicating normal cognitive functioning.
Data analyses
Group differences in demographic and health conditions were analysed with one-way analyses of variance and Chi-square tests. Random coefficients modelling using SAS Proc Mixed was used to estimate individual-level change and predictors of change while accounting for the dependency associated with twin pair status. The multilevel model was characterised by a fixed part which contained average effects for the intercept (initial status) and slope (rate of change) and a random part which contained individual differences (variance) in the intercept, slope, and the within person residual. A three-level linear growth model was composed of a level-1 component of individual outcomes over time, a level-2 component which models individual fixed and random effects of initial status and change over time (person-level covariates can be added at this level), and the level-3 component which models variance associated with twin-pair status. Thus, a three-level structure was characterised by longitudinal measurements nested within individuals which were nested within groups (twin dyad). The syntax for these models is presented in Appendix A.
The baseline model specifies a growth model with no level-2 covariates and was used to evaluate the fit of the growth model parameters. In this and subsequent models, zygosity was not modelled as a fixed effect because the expectation was for no or random differences among MZ and DZ twins in terms of average slope and rate of change. Random effects were, however, estimated separately by zygosity because we expected higher intraclass correlations for MZs than for DZs. Finally, we permitted different estimates of the residual (level-one) variance for the two zygosity groups.
Four nested models were estimated for MMSE as the outcome variable. A baseline model, without any covariates, was run to assess initial status and rate of change for the MMSE. Model A introduces the single covariate of hypertension status (0 = no, 1 = yes) adjusted for age, education, gender, smoking habit, angina, myocardial infarction, congestive heart failure, stroke, and TIA. Model B introduces the single covariate of diabetic status (0 = no, 1 = yes), adjusted for the same factors as in Model A. Finally, Model C introduces the interaction term of diabetes and hypertension, also adjusted for same factors as in Model A and B.
Results

Participant characteristics at baseline
Participant characteristics are presented in Table 1 . No significant differences between groups in participant characteristics were observed except in systolic and diastolic blood pressure (PS < 0.05) which were higher among the two groups with hypertension as compared with the normotensive groups. The two groups with hypertension did not differ in systolic and diastolic blood pressure (PS > 0.05). Further, the two groups with diabetes did not differ with respect to how many years they had had the diagnosis of diabetes (P > 0.05).
Change in MMSE Scores across a 6-year Interval
Results from the growth curve modelling are reported in Table 2 . The estimates of the average intercept (mean) and rate of change across persons (slope) in the Baseline model were significant. For example, the average person began with a score of 28.36 and declined by 0.33 points per 2-year interval.
Model A allows us to explore whether variation in intercepts and slopes is related to hypertension status as a lone covariate of interest after adjusting for age, education, gender, smoking habit, angina, myocardial infarction, congestive heart failure, stroke, and TIA. Neither estimates are significant, indicating that hypertension alone is not a significant factor for change in the MMSE. Model B examines the effect of diabetes. As seen in Table 2 , diabetes is significantly associated with rate of change in the MMSE such that those with diabetes decline by an additional 0.29 points per 2-year interval as compared to those without diabetes. However, diabetes was not a significant predictor of initial status in the MMSE. Finally, Model C examines the effect of having co-morbid diabetes and hypertension. This model shows that there is a significant interaction between diabetes and hypertension in rate of change in the MMSE such that those with both diseases decline additionally by 0.42 points per 2-year interval as compared to those free from both by guest on September 14, 2016 http://ageing.oxfordjournals.org/ Downloaded from hypertension and diabetes. The rate of decline in the MMSE related to hypertension and diabetes is portrayed in Figure 1 .
Survival, prevalent, and incident dementia across groups
As shown in Table 3 the overall survival rate (based on the initial sample of 702 individuals) between T1 and T4 was 52%. The lowest survival rate was observed in the diabetes groups (44% and 46%), however, there was no statistically significant difference between groups (P > 0.05). Prevalence of dementia at baseline across groups is reported in Table 3 (note that demented persons at baseline were excluded from the data analyses on MMSE). The highest prevalence of dementia at baseline was seen among the people with hypertension and diabetes (24%). Further, the highest incidence rate of dementia at T4 was seen among the people with hypertension and diabetes (23%), although the difference between groups was not statistically significant.
Discussion
In the present study, we examined the effects of comorbid hypertension and diabetes on change in MMSE score across a 6-year interval. The participants were drawn from a longitudinal population-based study and were measured on four occasions. Individuals with dementia at baseline were excluded. The main findings showed that all groups had declined after the 6-year follow-up period. Further, differential cognitive change was observed between the groups reflecting the greatest decline among those with comorbid hypertension and diabetes.
Our results showed that people with diabetes demonstrated greater cognitive change across the 6-year interval as compared with people without diabetes. This finding is in agreement with other longitudinal studies that report increased cognitive decline related to diabetes [6, 7] and an increased risk of dementia [22, 23] . On the other hand, the impact of hypertension on cognitive function was not statistically significant, although the hypertensives had a somewhat greater decline than the non-cases. A greater decline among the hypertensives would have been expected given the many findings showing this result [12] [13] [14] [15] [24] [25] [26] . These findings may possibly be a result of the high age of our sample, as several investigations suggest that the negative effects associated with hypertension may vary with age such that greater effects are found among young samples as compared to old samples. For example, Waldstein [27] suggested that nonsignificant association between hypertension and cognitive function in old age might reflect selective attrition. Another possibility would be that early-onset hypertension confers greater risk for cognitive impairment [11] .
Although hypertension alone was not related to significantly greater cognitive decline our results suggest that comorbid hypertension and diabetes is combined with increased risk for cognitive impairment. These results are consistent with prior research [15] [16] [17] . When looking into the underlying mechanisms through which diabetes and hypertension interact it should be kept in mind that these conditions may be a part of a larger metabolic syndrome, including hyperglycaemia, hyperinsulinaemia and dyslipidaemia. Thus, several pathways for how these conditions may interact and cause cognitive impairment have been suggested [28] . For example, hyperglycaemia has been shown to be related to loss of cortical neurons as well as a decrease in acetylcholine synthesis and release in the brain of rats [29] . Dyslipidemiea as well as hyperinsulinaemia are related to arteriosclerosis, although it should be noted that hyperinsulinaemia is not always apparent in type 2 diabetes. Furthermore, hypertension is a known risk factor for cerebrovascular disease, lacunar brain infarct, and white matter lesion [30] . In our study we found that there was a higher prevalence of stroke among those with comorbid diabetes and hypertension as compared to people with diabetes without hypertension. This reflects increased vulnerability among those with both diabetes and hypertension. It is also if interest to note that this group had had diabetes for a longer period of time than those with diabetes only. Thus, it may be the case that the longer the period with diabetes, the greater the risk of hypertension and of cognitive impairment. When comparing the incidence rates of dementia across groups in our study we find the highest rate among people with comorbid diabetes and hypertension, followed by people with diabetes without hypertension. However, these figures are based on very small numbers and should therefore be treated cautiously.
The main strength of the present study is the longitudinal design, which provides us with the opportunity to simultaneously explore the long-term effects of two risk factors of cognitive impairment. There is also an advantage in using a population-based sample, which minimises selection bias and increases generalisability. However, we need to be cautious when interpreting our results, as there are some limitations to our study. The first limitation is the small sample size. This is, however, a result of the high attrition rate, common for longitudinal studies of very old samples. Furthermore, the attrition rate is especially problematic when studying diseases that are associated with a greater mortality rate, such as diabetes. In our study the survival rate among people with diabetes was somewhat lower as compared to people without diabetes. Another limitation is that cognitive performance was only measured by a global measure that may be too insensitive to detect more subtle and differential change in various cognitive domains.
To summarise, this study demonstrates that comorbid diabetes and hypertension further increases the risk of cognitive decline. Thus, it underlines the importance of prevention and treatment of these two common diseases.
Key points
• Hypertension in very old age is not independently related to cognitive decline.
• People with diabetes and hypertension are at a greater risk for cognitive decline than normotensive people with diabetes.
